Figure 1. Chemical Structures of Mannose-Bearing Compounds
The average valency (n) was calculated by using 1 H NMR integration.
of ROMP-derived oligomers (Figure 1 ) to assemble multiple Con A tetramers by using quantitative precipitation ( Figure 2A ). The precipitation of Con A depends on the clustering of Con A tetramers, and this endpoint has been used to determine the stoichiometry of insoluble Con A-ligand complexes [42] . When 1-5 were introduced to Con A, monomeric compound 1 was unable to induce precipitation, as expected. Multivalent ligands 2-5, however, caused concentration-dependent precipitation of Con A. The concentration of the higher-valency materials 3-5 that was required to induce precipitation was lower than that required for the shorter oligomer 2. The concentration of 2 required to induce maximum precipitation was 18 M (calculated by the concentration of polymer, see Experimental Procedures), approximately one half of the concentration of Con A tetramers in solution. This indicates that the stoichiometry of Con A tetramers per scaffold in these precipitates is approximately 2:1 [42] . The concentrations of 3, 4, and 5 that substantially lower (6 M, 9 M, and 5 M, respectively).
(B) Compounds 1-5 were used to precipitate succinylated Con A.
Ligand concentration in these graphs is plotted as a function of
These correspond to stoichiometries of approximately polymer concentration, which is determined by using the degree of 4-6 Con A tetramers per scaffold.
polymerization (dp) to calculate average molecular weight. Results Compounds 1-5 were each added to a solution containing fluorescein-and TMR-labeled Con A. We monitored the emission intensity of fluorescein at 520 nm to ascertain whether these scaffolds promote the formation of soluble Con A clusters. Con A was clustered in the presence of multivalent polymers 2-5 but not monomeric compound 1 (Figure 3) . The maximum quenching induced by 4 and 5 was greater (30% and 50% respectively) than that caused by the lower-valent compounds 2 and 3 (18%). The scaffolds 1-5 were not fluorescent at 520 nm (data not shown). This result provides further evidence that the extent of Con A clustering depends on scaffold valency.
To further examine the effects of valency on Con
The fluorescence quenching was dependent not only on the valency of the multivalent mannose derivative but also on its concentration. Interestingly, the efficiency of quenching first increased as scaffold concentration increased and then decreased as the concentration was increased further. The absence of quenching at high multivalent ligand concentrations suggests that Con A A. This result is consistent with that expected from the multivalent materials for the presentation of multiple copies of a protein may also be accomplished by covalent attachment. We expect that these modes of protein presentation will find application in the development of diagnostic and therapeutic agents.
Significance
The binding of a multivalent receptor to multiple cell surface ligands can promote cell and viral particle aggregation. The strength and stability of these interactions are dependent on the number of unoccupied sites available for receptor binding to the cell surface.
Here we have shown that ROMP-derived materials of sufficient valency can act as scaffolds for the assembly of multiple Con A tetramers; the resulting clusters are highly effective mediators of cell aggregation. The ability of these polymers to assemble clusters depends on their valency and concentration; thus, the activity of the scaffold is tunable. These results offer new avenues for sensitive diagnostic agents and the synthesis of materials that facilitate the clearance of pathogens.
Experimental Procedures

Synthesis of Multivalent Ligands
The syntheses and Con A binding properties of compounds 1-4 have been reported [30] . Compound 5 was synthesized by an analogous route. The average valency (n) is based on the calculated degree of polymerization (dp) for each compound as determined by 1 H NMR spectroscopy. 
